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IMPACT-LOADSINWJWIGATIONOF CHINE-IMMERSEDMODEL

HAVINGA CIRCULAR-ARCTRANSVERSESHAPE

ByPhilipM. Edge,Jr.

SUMMARY

An investigationofhydrodynamicimpactloadson chine-tiersed
botiesofheavybeamloadingat theLangleyimpactbasinhasbeen
expandedtoincludetransverselycurvedmodelsinadditiontomodelsof
prismaticshape.Thispaperpresentstheresultsfromtestsof a chine-
imersedmodelhatinga circular-arccrosssectionwitha radiusof
1 beam. Theresultswereobtainedfromfixed-trimimpactsmadein smooth
waterovera widerangeof trtiandinitialflight-pathangles.Mostof
theimpactsweremadeat a besm-loadingcoefficientof 18.59witha few
impactsatbeam-loadingcoefficientsof27.59and36.57.

Thedataarepresentedintables,andthecoefficientsof loadsand
mationarepresentedinfiguresas a functionof trimandinitialflight-
pathangles.Thecircular-arcmodelexperiencedloadsgreaterthanloads
predictedby theoryforthisconfigurationby about10percent.These
loadsareasmuchas 12percentlessthantheloadsmeasuredundersimilar
conditionsfora modelwithconcave-convexcrosssectionwitha similar
effectiveangleof deadrise.

INTRODUCTION

Investigationsof hydrodynamicimpactloadson
at theLangleyimpactbasinhavedealtlargelywith

chine-immersed
modelsof flat

V-bottomtrsmsverseshapessuchasreportedinreferences1 and2.
studywasexpandedin reference3 toa modelwitha concave-convex

bodies
and
This
trans-

verseshape(aconstant-force-typebottom).Theconcave-convexmodel
yieldedmaximumloadscomparableto loadspredictedby theoryfora
V-bottomof thesszueeffectivedead-riseangleandindicatedthatsuch
shapedeviationsfromtheconventionalV-bottomhavelittleeffecton the
maximumload. Furtherstudiesof theeffectof transverseshapeon hydro-
dynamicimpactloads,withgreaterdeviationsfromtheV-configuration,
weremadeon a modelof circular-arccrosssectionhavinga radiusof
1 beam. Thisbottomshapewasinstalledon a nmdelhavinga straight
keel,anda seriesof fixed-trtiimpactsin smoothwaterwas-madeat the
Langleyimpactbasin.Mostof theseimpactsweremadeat a besm-loading
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coefficientof 18.59andcovereda rangeof trimandinitialflight-path
angles;however,a fewimpactsweremadeat a trimangleof8°withbeam-
loadingcoefficientsof27.59and36.57.me PQose of thisinvestiga- n
tionwasto obtainloadsandmomentdataona chine-imersedmodelhaving
a circular-arctransverseshape.

Thisreporttabulatesthebasicdataof theinvestigation,presents
thevariouscoefficientsasvariationswithtrimandinitialflight-path
angles,andcomparesthemaximumloadsobtainedwithloadspredictedfor
thismodelby thetheoryofreference4. Thistheoryis usedtoindicate
therelationshipoftheloadspredictedforthecircular-arcmodeland
theloadspredictedfora V-bottommodel.Additionalcomparisonsare
madehereinof themmcimumloadsforthecircular-arcmodelandthemaxi-
mumloadsfortheconcave-convexmodelof -

—reference3.

SYMEOIS

7 flight-pathanglerelativeto undisturbedwatersurface,deg

P massdensityofwater,~.938slugs/cuft

T trimangle,deg

b modelbeam,ft

g accelerationduetogravity,32.2ft/sec2

t timeaftercontact,sec

w droppingweight,lb

F
ni impactloadfactornormalto undisturbedwatersurface,#

i velocityofmodelparallelto undisturbedwatersurface,ft/sec

z draftofmodelnormalto undisturbedwatersurface,ft

i velocityofmodelnormaltoundisturbedwatersurface,ft/sec

My pitchingmomentaboutstep,lh-ft

Fn hydrodynamicforcenormaltokeel,lb

v rdsultantvelocityofmodel,ft/sec
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.
Fv verticalcomponentofhydrodynamicforce,lb

. niW Fv
CL impactliftcoefficient,— =—

1 v 2b2
PO &Vo2b2

Cd draftcoefficient,
:

3

f+ vertical-velocity

Ct timecoefficient,

●

coefficient,#-
20

Vot

-7

cCp center-of-pressurecoefficient,
Centerofpressuremeasuredfromstep

b

%
%pitching-momentcoefficient,—

@io2b3
.

w
CA beam-loadingcoefficient,—. pgb3

Subscripts:

o instantof initialcontactwithwatersurface

s referredto step(sternofmodel)

max maximum

AFPl!IIATus

TestsweremadeintheLangleyimpactbasinwiththesameequipment
describedin reference5. Thisequipmentconsistsof a catapult,a
testingcarriagetowhichthemodelisattached,associatedinstrumenta-
tionformeasuringloadsandmotionsof themodel,andan arrestinggear.
Themodelis attachedto thecarriageat alltimesby a
parallellinkagewhichpermitsthemodeltomovefreely

6 carriageinthevertical.direction.

-

boommountedon a
relativeto the
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Model

Thebottomofthemodeltestedhada circular-arccrosssection
witha radiusof 1 beamas shownin figure1. Theeffectivedead-rise
anglealongthisarcis15°. Themodelhada besmof 1 footanda
straight-keelprofile12feetlongwithanarbitrarilycurvednose
section1 footlong. Thebasicmodelwasof lightsheet-metalcon-
structionwitha bottomofwoodcoveredwithfiberglass.As shownin
figure2, themodelwasattachedrigidlytothecarriageboomthrougha
load-measuringdynamometerandwasheldfixedintrimthroughoutthe
impactby thismounting.

Instrumentation

Theinstrumentationconsistedof a multichanneloscill.ograph,
accelerometers,a dynamometer~,water-contactindicator,andelectrical
pickupsformeasuringdisplacementsandvelocities.Allmeasurements
wererecordedon theoscillographalongwithO.01-secondtiming.

Accelerationsin theverticaldirectionweremeasuredby oil-
dampedunbendedstrain-gage-typeaccelerometershavingundmnpednatural
frequenciesof 17and120cyclespersecond.Extraneousstructural —

vibrationswereeliminatedby electricalfairing.Mads normaltothe .
keelof themodel Fn andpitchingmoments-abouttheforwsrdattach-
mentpointwereobtainedfromthestrain-gagedynamometermounted .
betweenthemodelandthesupportingcarriageboom. Thesemeasurements
werecorrectedforthedistributionofmassandcenterofgravityof
thepartslocatedbelowthedynamometer,andthepitchingmomentswere
referredtothestep My. Onlythesecorrectedvaluesandmomentsabout
thesteparepresented.Theinitialcontactofthemodelwiththewater
andthereboundofthemodelfromthewaterweredeterminedbymeansof
an electricalcircuitcompletedby thewater.IIorizontalvelocitywas
computedfromphotoelectric-cellmeasurementsofhorizontaldisplacement.
Vertical-displacementmeasurementswereobtainedfroma slide-wire,and
verticalvelocitywasobtainedby an induction-typegeneratordrivenby
thecarriageboom.

TESTPROCEDURE

Thisinvestigationconsistedofa seriesofimpactsinsmoothwater
at fixedtrimanglesfrom0° to ~“ smdat initialflight-pathanglesfrom ‘
approximately3°to20°0 Ata beam-loadi

40 ~. ~~coeffici
entof 18.59,impacts

weremadeat trimanglesof 0°, 15°,20°,and>O; whereasat -
besxn-loadingcoefficientsof 27.59’and’36.5~,impactsweremadeata trim
angleof 80only. Theflight-pathangleswerevariedat alltrimangles

.
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.
except0°wheretheimpactswerelhnitedtoverticaldropwithoutfor-
wardspeed(YO. 9@). These@acts withoutforwardspeedweremade

-, overa rangeof verticalvelocitiesvaryingfromabout3 feetpersecond
toapproximately11.5feetpersecond.Theforward-speedimpactsranged
inverticalvelocityfromapproximately4 feetpersecondtoapproxi-
mately11feetpersecondandrangedinhorizontalvelocityfrom20 feet
persecondtoover88feetpersecond.Throughouttheirmnersiona lift
forceequalta thetotalweightof thenmdelanddroplinkagewasapplied
to themodelto simulatewingliftas describedin reference5...

Severaltimesduringtheinvestigation,repeatimpactsweremade
withthetestconditionsasnearlythesameaspossibleasa checkon
theconsistencyqf thetestequipment.Thedataobtainedfromthese “
impactsshowedthatno significantperfomnance
theinvestigation.Onlytheaveragevalues of

changesoccurredduring
thesedataarepresented.

RESULTSANDDISCUSSION

Theexperimentaldataobtainedinthisinvestigationsrepresented
intableI foreachof theimpactsmade. Thistableshowsthemeasured

. valuesof loadsandmotionsat contactwiththewater,atmaximumaccel-
eration,atmaximumdraft,andat rebound.In addition to thesemeasured
quantities,thecomputedvaluesof liftcoefficientandpitching-moment. coefficientat 4,- aregiven.

Sampletimehistories,whichillustratetypicalvariationsof the
dataobtainedthroughouttheimpactsat CA = 18.59,arepresentedin
figures3 to5. Thevariationsof impactloadfactor,draft,vertical
velocity,andpitchingmomentwithtimeareshowninfigure3 forimpacts
withoutforwardspeedforthreeverticalvelocities.Theverticalload
andpitchingmomentfortwoof thesedroptestsareshownas timehistories
in coefficientforminfigure4. Figure5 presentsthevertical-load,
drsft,vertical-velocity,center-f-pressure,andpitching-momenttime
historiesincoefficientformforthreeflight-pathanglesat eachof three
trimangles(T = 4°, 8°, andWe). Thetimehistoriesof figures3 and4 -
showthat,fortheflatimpactof a verticaldropata trimangleof @,
theloadandpitchingmomentbuilduprapidlyon thecircular-arcbottom
at a beam-loadingcoefficientof 18.59.Althoughthesmallvelocitiesof
theimpactswithoutforwardspeedarenotwellexpressedin coefficient
form,theloadsandnnnentsinthisformareusefulforcomparisonwith
forward-speedimpactconditions.Theloadsandmomentsoffigures4 and5
showthat,as theflatimpactat thezerotrimangleof theverticaldrop
wi boutforwardspeed(7= 90°)is departedfromandthemorerealistic

9 smooth-waterlandlngconditionswithsignificanttrimareapproached,the
loadduringan impactprocessisappliedmoregraduallyandislesssevere
inmagnitude.Thegradualapplicationof thehydrodynamicimpactload

?
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resultsina flatnessof theimpact-lift-coefficientpeak. Sincethis
flatpeakmayextendoverseveralhundredthsof a second,theinstant
ofpeakormaximumloadcouldnotbe sharplydefined;thus,thevalues
ofotherparametersreadatthisinstsrrb(draft,verticalvelocity,and
pitchingmoment)forthistypeofimpactwerenotreliable.

.

● ✎

Infigure6 sampletime.historiesof thecoefficientsobtainedfor
impactsata trimangleof8°forbeam-loadingcoefficientsof 18.59and
36.57arecompared.Otherthanthemagnitudeof thevalues,thegeneral
appearanceandcharacteristicsof thetimehistoriesaresimilarforeach
besmloading.

In figure7 thevariationsofload,draft,vertical-velocity,time,
pitching-moment,andcenter-of-pressurecoefficientswithinitialflight-
pathangleareshownforthreetrimanglesat CA = 18.59. h figure 8
comparisonsaremadeof thevariationsshowninfigure7 for CA = 18.59
andvariationsobtainedfor CA = 36.57ata trimangleof8°. The
variationsshowninfigures7 and8 indicatethat,ingeneral,separate
relationshipsexistforeachtrimemgleandforeachvalueofbeam-
loadingcoefficient.Exceptionsto thisobservationareindicatedin
figure8(c)whereverticalvelocityat reboundisapparentlyindependent
ofbeanloadingandin figureT(b)wheremaximumdraftislargelyinde-
pendentof trimangle. m

Theexperhnentalvariationsof liftanddraftcoefficientswith
trimangleareshowninfigure9 forfourinitialflight-pathanglesat .
CA = 18.59.ThevariationsshownareorderlyandInlinewithwhatis
expectedfortherangeofparametersinvolved.Inadditiontopresenting
thevariationsofthecoefficientswithtrimfortypicalflight-path
angles,thisfigurerepresentsa summaryof theexperimentaldatafrom
whichcrossplotsmaybe obtainedforpredictingcoefficientsat&nytrim
orflight-pathanglewithintherangetested.

ConqarisonofCalculationandExperiment

Maximumliftcoefficientsforthecircular-arcmodelwerecalculated
forcomparisonwiththeexperimentalresultsobtainedinthisinvestiga-
tion.Alsomsximumliftcoefficientsfora V-bottommodelwerecalculated
toshowtherelationsofthecircular-arcloadstoloadscomputedfora
V-bottommodelwiththesameeffectivedead-riseangle,150(asdefined
infig.1). Thesecalculationsweremadeby usingthetheoryof refer-
ence4 aswellasplaningdataofreference6,whichwereforthesame
circular-arccrosssection.

Thevariationsof themaximumloadswithangleoftrimareshownin
figure10forthreeinitialflight-pathangles(70= >.~oj10°,and2@)

.
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.
overa rangeof trimangles(T . 40 to200)fora be~.loa&Q ~~efficient
of18.59. In general,thecalculatedloadsaresimilartobutlowerthan

. theexperimentalloads.At lowflight-pathangleswithappreciabletrim
angles(conditionswhichcorrespondto smooth-wateror verymildrough-
water@acts) themsximumloadsfromcalculationandexperimentarein
closeagreementconsideringthelowvaluesof liftcoefficientandthe
accuraciesinvolved,Althoughno onetheoryaccuratelypredictsthe
maximumloadsovertheentirerangeshown,thegeneraltrendof themaxi-
mumliftcoefficientappearswellrepresentedby thevariationcalculated
forthecirculsr-arccrosssection.H theloadscalculatedfora
V-bottomof theeffectivedead-riseangleareused,thepredictionis
conservativeinthere~on of lowtrimangleandhighflight-pathangle
wheretheloadsaremostcriticalandisnonconservativein theregion
ofhightrimandhighflight-pathanglewheretheloadsarelesscritical.
Fromthecomparisonsshowninfigure10,theconclusionismadethat,for
a beam-loadingcd6fficientof 18.59,calculationsforthecircular-arc
shapewhenincreasedby about10percentwouldprovidethebestestimate

—

of themaximumloadsforthecircular-arctransverseshapetested.

Infigurel.1theeffectofbeamloadingis consideredfortheone
trimangle(T = 8°) whereexperimentaldatawereobtainedathigherbeam
loadings. Msximumloadsobtainedat CA = 18.59and36.57arecompared

“ withloadspredictedby theoryforthecircular-srccrosssection.The
loadsobtainede~erimentallyovertheflight-path-anglerangeare
greaterthanthosepredictedby theoryforthecircular-arcshapeby about
thesue amountforbothbeamloadings.:

ExperimentalComparisonWithConcave-ConvexModel

Theexperimentalvariationsof themaximumliftcoefficientwith
trimangleforthecircular-arcmodelarecomparedinfigure12withthe
e~erimentalvariationpresentedinreference3 fortheconcave-convex
bottom.Experimentalvariationsarepresentedinthisfigureforinitial
flight-pathanglesof 5.~0,10°,15°,and20°. Thecomparisonsshown
indicatethatthemaximumloadson thecircular-arcbottomrangefroma
fewpercentlessthanmaximumloadson theconcave-convexmodelat 6° trim
toanaverageof over12percentlessat trimsabove15°exceptat the
flight-pathsingleof 5.5°wheretheabsolutedifferencesinliftcoeffi-
cientaresmall.

ObservationsonEffectof TransverseCurvature

Inreference3 maximumloadson a modelhavingconcave-convex
transversecurvaturewere,ingeneral,similarto themaximumloadspre-

+ dietedfora V-bottomof theaveragedead-riseangle.Theseresults
impliedthattheV transverseshapeof a chine-imnersedmodelcsnbe
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alteredsomewhatwithoutsignificantchangeinmaximumloadsduring
hydrodynamicimpact.Theseobservationswerebasedon comparisonsof
experimentaldatafortheconcave-convexmodelwithloadspredictedby
theoryasno experimentaldataareavailableforV-bottomsof thecorre-
spondingaveragedead-riseangle.Inasmuchas thedataof thepresent
investigationwereobtainedfroma modelof’nearlythesaneaveragedead-
riseangleandwithconvexcurvatureonly,additionalobservationscanbe
madeas totheeffectof transversecurvatureonmaximumloads.Compari-
sonsofthemaxlmw.nloadsof thisinvestigationandofreference3 have
shownthatthecircular-arcnmdelexperiencesmaximumloadswhichareless
by 12percentthanthoseoftheconcave-convexmodel.Sincethetransverse
shapesofbothmm%elsaresimilarinthekeelregion,thedifferencesin
dead-riseslopenearthechineappeartohavea significanteffecton the
magnitudeof~heloadsduring
of the-dead-riseangleatthe
highanglesoftrim.

an impactprocess.
chineisevidently

Furthermore,theeffect
ofmoreimportanceat

CONCLUSIONS

An analysisofexperimen~dataobtainedinan impact-basininves-
tigationof a chine-=rsedmodelhavinga circular-ar~transverseshape
of l-beanradiusleadsto thefollowingconclusions: w

1.Thedataindicatedthattheimpactloadsvariedfromrapidly
appliedsharppeakloadsfortheflatimpactsofthedropswithoutforward :
speedtoverygraduallyappliedloadswhosepeaksenduredseveralhun-
dredthsof a secondformorerealisticsmo~th-waterlandingconditions
(impactswithsignificanttrimandlowflight-pathangles).

—
2.Forthetrim-angleandflight-path-anglerangetested,themaximum

loadscanbe estimatedby increasingthecalculatedloadsby 10percent
forthiscircular-arcconfiguration.

3. Overtherangesof trimanglesandflight-pathanglestested,the
maximumloadspredictedfromcalculationsofa V-bottomof t-heeffective
dead-riseangle(15°)ofthecirculararcareconservativein theregion
of lowtrimandhighflight-pathangleandarenonconservativeinthe
regionof M@ trimandhighflight-pathangle.

.
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.
4. Theexperimentalmaximumloadsof thecircular-arcmodelwere

asmuchas X2percentlessthanthemsximmnloadsmeasuredon a concave-
convexnmdel.Theresultsindicatethatthetransverseshapeof the
bottomat thechineisofprimaryimportanceforforwsrdspeedimpacts
withsignificanttrim.

LangleyAeronauticalLaboratoryj
NationalAdvisoryCcmmitteeforAeronautics,

LangleyField,Va.iJuneI-2,1957.
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